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Outline

C Quark and gluon plasma (QGP) produced in heawvyollision
1) Importance of transport coefficiena
2) Need for amb-initio calculation ofa

C Formulatingaon the lattice using Lattice gauge theory
1) Previous study done on a quenched SU(2) lattice
2) Extending calculations to a quenched SU(3) lattice

C Estimates ofaon a quenched QGP plasma



Nuclear matter under extreme condition

The Lattice QCD predlctlon of EOS
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X Sudden increase in N near the transition region.
X Due to increase in the number of DOF
x Corresponds to a deconfined state of quarks and gluons



Creation of the Quarsluon Plasma (QGP)

Relativistic Heavy lon Collider
(RHIC) at BNL: Collide two
Au/Cu nuclel @ 20-200GeV per
nucleon pair
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Large Hadron Collider (LHC)
at CERN: Collide two Pb
nuclel @ 2.76TeV/5.5TeV per
nucleon pair




Creation of the Quarluon Plasma (QGP)

W = . e final detected
Relativistic Heavy-Ion Collisions particle distributions

made by Chun Shen Kinetic
freeze-out _

Hadronization

Initial energy
density

.' " “ — \.r i
eguuhbm
namics. viscous hydrodynamucs |  free streaming
collision evolution =) 2
t~0fm/c tT~1fm/c © ~ 10 fm/c € ~ 101% fm/c

ﬁ Initial state: two Lorentz-contracted nuclei approach each other

Pre-equilibrium state: undergo hard collisions produce hard probes and drive the system to
A thermallzatlon In the form of QGP matter

QGP phase: the QGP expands hydrodynamically
A Hadronization: the QGP cools down and new hadrons are formed
A Freeze-out: hadron gas is so dilute that the interactions cease
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Relativistic Heavy-Ion Collisions particle distributions

made by Chun Shen Kinetic
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Hadronization
Initial energy
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collision evolution
t~0fm/c T ~1Ffm/c T ~ 10 fm/c T ~ 101° fm/c

Thermalized, non-perturbative, and strongly interacting plasma



Flow measuremeng&videncdor strongly interacting QGF
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Schenke et al., PRL 108 252301 (2012)
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C Data indicate that 0 is finite

C Hydrodynamical calculations describes the data
C Lattice QCD EOS is used as input

C QGP is thermalized and strongly interacting
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Evidencdor strongly interacting QGP

Proton Proton collision
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Transport parameten andleading hadron suppression

Leading parton going through medium
A
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Transverse kick from medium

Transport parametera Average transverse
momentum change per unit length

hy 5

Ais Input parameter to full model calculation




Transport parameten andleading hadron suppression

Leading parton going through medium JET Collaboration( Burke et al. 2014)
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Transportparametem)

JET Collaboration( Burke et al. 2014)
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QGP is locally thermalized and
highly nonperturbative

Transverse kick from

medium
Transport parametera(Phd  ——

First principles calculation: Lattice QCD to compaite
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Lightcone coordinates

x Minkowski coordinate
FOUr VECIOr mmm s o [l e

Off-shellnesSmm  wm  (wm) (=) -

X Lightcone coordinate
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Examples: Particl&raveling in |-, direction :
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Lattice formulation off

A.Majumder , PRC 87, 034905 (2013)
Section of a QGP medium

A Simplest process: A leading quark propagating
through hot plasma (gluons only) at temperature T
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Lattice formulation off

A.Majumder , PRC 87, 034905 (2013)
Section of a QGP medium

A Simplest process: A leading quark propagating
through hot plasma (gluons only) at temperature T

s T Rah ARy L
(o H)frmmso fagw - -
A Life time of quark, W = & T
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Nonfperturbative part QGP  Medium
(Lattice QCD) '
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Constructing a more general expression as

x Physical form of A
Z )y o N,

A

4 Z

x General formof A: with A

1 4 )y
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A.Majumder, PRC 5?7, 034905 (2013)

E A QGP  Medium
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Constructing a more general expression as

X Physical form of a

Z Jy u =, W
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x General form of A: with A @
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A.Majumder, PRC 5?7, 034905 (2013)

QGP Medium
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Constructing a more general expression as

: A.Majumder , PRC 87, 034905 (2013
x Physical form of A J i ( )
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Constructing a more general expression as

: A.Majumder , PRC 87, 034905 (2013
x Physical form of A J i ( )
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Extracting) through analytic structure af n

QGI5| Medium
I
a T A<JJ 5 O H )

1) When a N M a|A]

A (in -medium scattering)
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Extracting) through analytic structure af n

L g

QGI5| Medium
|
BT A<JJ i A ) H'. |JJ>

1) When AN [ THAH]

A (in -medium scattering)
2) When a N THh Hb

A | (Bremsstrahlung radiation)
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Extracting) through analytic structure af n

| 1) When a N [ IB|AH|]
\ A (in -medium scattering)
2) When a N THh Hb
A | (Bremsstrahlung radiation)

3) When AN  Hh [H

A L (Spacelike); 1 EIi$EGAx
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Extracting) through analytic structure af n

Contour C1
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Extracting) through analytic structure af n

Contour C1
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Contour C2: On stretching it to infinity
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Contour C1
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Contour C2: On stretching it to infinity
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Pure thermal part Pure Vacuum part
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N as a series of local operators

x Physical form of aatLO:
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N as a series of local operators

Xiangdong Ji, PRL 110, 262002 (2013)
Parton PDF operator product expansion

. with 'O derivatives
1 /() &y [grofsfoon

x Physical form of aatLO:
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N as a series of local operators

Xiangdong Ji, PRL 110, 262002 (2013)
Parton PDF operator product expansion

. with 'O derivatives
1 /() &y [grofsfoon

x Physical form of aatLO:

Rotating to Euclidean space:
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Uncrossed operator Crossed operator
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Operators In guenched SU(2) plasma

A. Majumder, PRC 87, 034905 (2013)
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Operators in quenched SU(3) plasma
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Operators in quenched SU(3) plasma
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Operators in quenched SU(3) plasma

A Operators looks similar to SU(2)

A Need to set the lattice spacing ()
i.e. relation between | and s
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Preliminary

(in collaboration with  Chiho Nonaka)



